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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a white organic electroluminescent element having high luminous efficiency and 
improved stability, 

SOLUTION: This light emitting element comprises at least: a hole transport layer sandwiched between a positive electrode and 
a negative electrode, a light emitting layer, and a hole blocking layer on a substrate, wherein the light emitting layer contains an 
aromatic amine compound having a maximum fluorescence wavelength in a range of 400 to' 500 nm, the ionization potential of 
the hole transport layer is larger than that of the light emitting layer by 0.1 eV or more, the ionization potential, of the hole 
blocking layer is larger than that of the light emitting layer by 0.2 eV or more, and at least the light emitting layer contains a 
fluorochrome whose maximum fluorescent wavelength is in a range of 550 to 650 nm. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to organic electroluminescence devices. It is related with 
the organic electroluminescence devices which doped the specific fluorochrome to the luminous layer which contains a specific 
aromatic amine in detail. Since the organic electroluminescence devices of this invention can attain white luminescence of high 
luminous efficiency and its stability is improving, the application to the light source which employed the feature as a flat-panel 
display, a multicolor display device, or a field emitter efficiently is expected. 
[0002] 

[Description of the Prior Art] Although what doped Mn which is an emission center, and rare earth elements (Eu, Ce, Tb, Sm, 
etc.) is common to ZnS, CaS, SrS, etc. which are the II- VI group compound semiconductor of inorganic material as a thin film 
type electroluminescence (EL) element conventionally The EL element produced from the above-mentioned inorganic material 
has the high (-200V) trouble that the cost of difficulty (especially blue) and 4 circumference drive circuits has the high formation 
of the need (50-1000Hz) and 2 driver voltage 3 having 1 full color alternating current drive. 

[0003] However, development of the EL element using the organic thin film came to be performed in recent years for 
improvement of the above-mentioned trouble. In order to raise luminous efficiency especially, the kind of electrode is optimized 
for the purpose of the improvement in efficiency of carrier pouring from an electrode, and the extensive improvement of 
luminous efficiency is made as compared with the EL element using single crystals, such as the conventional anthracene, by 
development (Appl.Phys.Lett., 51 volumes, 913 pages, 1987) of the organic electroluminescence devices which prepared the 
electron hole transporting bed which consists of an aromatic diamine, and the luminous layer which consists of the aluminum 
complex of 8-hydroxyquinoline. Moreover, improvement in luminous efficiency, conversion of luminescence wavelength, etc. 
are performed by doping fluorochromes for laser, such as a coumarin, by making the aluminum complex of 8-hydroxyquinoline 
into host material, for example (J. Appl.Phys., 65 volumes, 3 610 page, 1989). 

[0004] Besides the electrolurninescence devices using the above low-molecular material, as a material of a luminous layer Poly 
(p-phenylenevinylene) (Nature, 347 volumes, 539 pages, 1990), Poly [2-methoxy-5-(2-ethylhexyloxy)-l, 4-phenylenevinylene] 
(others [ / 1991 / Appl.Phys.Lett., 58 volumes, 1982 pages, and ]), Development of the electroluminescence devices using 
polymeric materials, such as poly (3-alkyl thiophene) (Jpn. J. Appl.Phys, 30 L 1938 pages, 1991) Development of the element 
(application physics, 61 volumes, 1044 pages, 1992) which mixed a low-molecular luminescent material and low-molecular 
electronic-transition material to macromolecules, such as a polyvinyl carbazole, is also performed. 
[0005] 

[Problem(s) to be Solved by the Invention] Two methods are considered in order to produce multiple color or the display device 
which can be displayed full color using organic electroluminescence devices. It is a method using fluorescence conversion one 
makes the organic electroluminescence devices which can make a blue light emit light the excitation light source, and according 
to green and a red fluorescence material (Prod 5th Int.Display Research Conference, 269 pages, 1995). Another is a method 
which combines the organic electroluminescence devices and the light filter for which light can be emitted white 
(JP,7-142169,A). 

[0006] In multiple-color-izing by the former blue luminescence and the combination of fluorescence conversion, and a full 
color-ized method, the performance of blue organic electroluminescence devices, especially the life at the time of a drive are 
problems, an old place a blue light emitting device ~ being related ~ initial brightness 100 cd/m2 it is - Although the life of 
8000 hours is reported () [ Inorganic ] and OrganicElectroluminescence/EL 96 Berlin.ed.R.H.Mauch and H.E.Gumlich, p.95, 
Wissenschaft und Technik Verlag Berlin, and the loss and practical use brightness 300 cd/m2 demanded by fluorescence 
conversion When it thinks, the life of the present condition is inadequate. 

[0007] In the method which combines latter white organic electrolurninescence devices and a latter light filter, the luminous 
efficiency of white luminescence was a problem (the collection of the 55 th Japan Society of Applied Physics academic lecture 
meeting lecture drafts, -6,992 page of 19 p-H, the collection of the 1994; 56th Japan Society of Applied Physics academic 
lecture meeting lecture drafts, 28 p-V -7, 1028 pages, 1995). To white luminescence, in addition to the demand to 
multiple-color-izing and full-color-izing, the white luminescence itself is made into display light, or there are also needs used for 
back lights, such as a liquid crystal display, and it can be said that the repercussion effect is large. Therefore, the further 
improvement examination is desired to white luminescence which should be said also by the foundations of a display device. 
[0008] Although the method (JP,6-207170,A; this common No. 142169 [ seven to ] official report) which carries out the 
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laminating of a blue luminous layer, a green luminous layer, and the red luminous layer was indicated until now in order to attain 
white luminescence, the color gap by change of the white EL spectrum accompanying a drive, and in order that a 
recrystallization zone might straddle two or more layers, there was a trouble of a low in luminous efficiency. When it is polymer, 
the control of an impurity of the present condition is [ difficult hatchet luminous efficiency and drive stability ] far, although it is 
possible to dope each fluorochrome of blue, green, and red simultaneously in a luminous layer and white is easily obtained by 
mixing the fluorochrome of each color in the stage of application liquid adjustment in applied type polymer, in order to solve this 
point (Appl.Phys.Lett., 64 volumes, 815 pages, 1994) from practical use. Although it is possible to dope the fluorochrome of 
each color in a luminous layer host by the vacuum deposition method using low-molecular, since the evaporation rate of many 
sources of vacuum evaporationo is controlled simultaneously and the amount of dopes of each fluorochrome is adjusted, 
considering actual production, it must be said that it is very difficult. 

[0009] As mentioned above, from the white light emitting device, the simplest possible lamination, for example, a luminous 
layer, is a monolayer, and its luminous efficiency is high, a white color gap cannot occur easily, and, moreover, the stable 
property is searched for at the time of a drive. Luminous efficiency of this invention is high, and it aims at offering the white 
organic electroluminescence devices which improved. 
[0010] 

[Problem(s) to be Solved by the Invention] As a result of inquiring wholeheartedly in view of this actual condition, by making 
the luminous layer containing a specific aromatic amine dope a specific fluorochrome, and specifying the relative relation of the 
ionization potential of an electron hole transporting bed, a luminous layer, and an electron hole blocking layer, this invention 
persons find out that the above-mentioned technical problem can be solved, and came to complete this invention. 
[0011] 

[Means for Solving the Problem] Namely, the electron hole transporting bed by which the summary of this invention was 
pinched by an anode plate and cathode on the substrate, They are the organic electroluminescence devices which contain a 
luminous layer and an electron hole blocking layer at least. The aromatic-amine compound which has fluorescence 
maximum- wave length in the range this luminous layer of whose is 400-5 OOnm is contained. The ionization potential of an 
electron hole transporting bed is larger than the ionization potential of a luminous layer 0.1 eV or more. The ionization potential 
of an electron hole blocking layer is larger than the ionization potential of a luininous layer 0.2eV or more, and it is in the 
organic electroluminescence devices characterized by fluorescence maximum- wave length making a luminous layer contain at 
least the fluorochrome in the range which is 550-650nm. 
[0012] 

[Embodiments of the Invention] Hereafter, the organic electroluminescence devices of this invention are explained, referring to a 
drawing, the cross section showing typically the example of structure of the general organic electroluminescence devices by 
which drawing 1 is used for this invention ~ it is -- 1 — in an electron hole transporting bed and 5, a luminous layer and 6 express 
an electron hole blocking layer, and, as for a substrate and 2, 8 expresses [ an anode plate and 4 ] cathode respectively A 
substrate 1 serves as a base material of organic electroluminescence devices, and the board of a quartz or glass, a metal plate, a 
metallic foil and plastic film, a sheet, etc. are used. The board of transparent synthetic resin, such as a glass plate, and polyester, 
a polymethacrylate, a polycarbonate, a polysulfone, is especially desirable. When using a synthetic-resin substrate, it is necessary 
to care about gas barrier nature. Since organic electroluminescence devices may deteriorate by the open air which passed the 
substrate when the gas barrier nature of a substrate is too small, it is not desirable. For this reason, the method of preparing a 
precise silicon oxide etc. at least in one side of a synthetic-resin substrate, and securing gas barrier nature is also one of the 
desirable methods. 

[0013] Although an anode plate 2 is formed on a substrate 1, an anode plate 2 plays the role of the hole injection to an electron 
hole transporting bed. This anode plate is usually constituted by conductive polymers, such as halogenation metals, such as 
metallic oxides, such as an oxide of metals, such as aluminum, gold, silver, nickel, palladium, and platinum, an indium, and/or 
tin, and copper iodide, carbon black or poly (3-methylthiophene), polypyrrole, and the poly aniline, etc. Formation of an anode 
plate 2 is usually performed in many cases by the sputtering method, the vacuum deposition method, etc. Moreover, in the case 
of particles, such as metal particles, such as silver, and copper iodide, carbon black, a conductive metallic-oxide particle, a 
conductive polymer impalpable powder, etc., it can distribute in a suitable binder resin solution, and an anode plate 2 can also be 
formed by applying on a substrate 1. Furthermore, a thin film can be formed on the direct substrate 1 by electrolytic 
polymerization, or on a substrate 1, in the case of a conductive polymer, a conductive polymer can be applied, and it can also 
form an anode plate 2 (Appl.Phys.Lett., 60 volumes, 271 1 pages, 1992). By different matter, a laminating is carried out and an 
anode plate 2 can also be formed. The thickness of an anode plate 2 changes with transparency to need. When transparency is 
needed, it is desirable to usually make the permeability of the light into 80% or more preferably 60% or more, and 5-1000nm of 
thickness is usually about 10-500nm preferably in this case. When opaque and good, even when an anode plate 2 is the same as a 
substrate 1, it is good. Furthermore, it is also possible to carry out the laminating of the different electrical conducting material 
on the above-mentioned anode plate 2. 

[0014] The electron hole transporting bed 4 is formed on an anode plate 2. As conditions required of the material of an electron 
hole transporting bed, the hole-injection efficiency from an anode plate is high, and it is required to be the material which can 
convey the poured-in electron hole efficiently. For that purpose, from the light of the light, ionization potential is small, 
transparency is high, hole mobility is large, it excels in stability further, and, moreover, it is required that it should be hard to 
generate the impurity used as a trap at the time of manufacture and use. When the application for a mounted display is 
considered in addition to the above-mentioned general demand, thermal resistance is further required of an element. Therefore, 
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the material which has the value of 85 degrees C or more as Tg is desirable. 

[0015] The aromatic diamine compound which connected the third class arornatic-amine units, such as 1 and 1 -screw (4-G 
p-tolylamino phenyl) cyclohexane, as such an electron hole transportation material, for example (JP,59-194393,A), The aromatic 
amine which two or more fused aromatic rings replaced by the nitrogen atom including two or more tertiary amines represented 
with a 4 and 4'-screw [^-(l-naphmyl)-N-phenylamino] biphenyl (JP,5-234681,A), The aromatic triamine which has starburst 
structure with the derivative of triphenyl benzene (U.S. Pat. No. 4,923,774 specification), N and N'-diphenyl - Aromatic 
diamines, such as the N and ISP-screw (3-methylphenyl) biphenyl -4 and a 4'-diamine (U.S. Pat. No. 4,764,625 specification), As 
the whole molecule, a triphenylamine derivative unsymmetrical in three dimensions (JP ,4- 129271, A), The compound which the 
aromatic diamino machine replaced by the pyrenyl machine (JP,4- 175395, A), The aromatic diamine which connected the third 
class aromatic-amine unit by the ethylene (JP,4-264189,A), The aromatic diamine which has styryl structure (JP,4-290851,A), 
What connected the aromatic tertiary-amine unit with the thiophene machine (JP,4-304466,A), Starburst type aromatic triamine 
(JP,4-308688,A), What connected the tertiary amine with the benzyl phenyl compound (JP,4-364153,A) and the fluorene 
machine (JP,5-25473,A), A triamine compound (JP,5-239455,A), a screw dipyridyl amino biphenyl (JP,5-320634,A), N, N, and 
N-triphenylarnine derivative (JP,6-1972,A), The aromatic diamine which has phenoxazine structure (JP,7-138562,A), A diamino 
phenyl phenanthridine derivative (JP,7-252474,A), A silazane compound (U.S. Pat. No. 4,950,950 specification), a 
SHIRANAMIN derivative (JP,6-49079,A), a phospharnine derivative (JP,6-25659,A), a Quinacridone compound, etc. are 
mentioned. These compounds may be used independently, and if needed, it may mix respectively and they may be used. 
[0016] In addition to the above-mentioned compound, as a material of an electron hole transporting bed, a polyvinyl carbazole 
and polysilane (Appl.Phys.Lett., 59 volumes, 2760 pages, 1991), Poly force FAZEN (JP,5-310949,A), a polyamide 
(JP,5-310949,A), A polyvinyl triphenylamine (JP,7-53953,A), the macromolecule which has a triphenylamine skeleton 
(JP,4-133065,A), the macromolecule (Synthetic Metals ~ 55-57 volumes) which connected the triphenylamine unit by the 
methylene group etc. Polymeric materials, such as a polymethacrylate (J. Polym.Sci., Polym.Chem.Ed., 21 volumes, 969 pages, 
1983) containing an aromatic amine, will be mentioned in 4163 pages and 1993. 

[0017] The electron hole transporting bed 4 is formed by carrying out the larninating of the above-mentioned electron hole 
transportation material on the aforementioned anode plate 2 by the applying method or the vacuum deposition method. In the 
case of the applying method, additives which do not become a hole trap according to a kind or two sorts or more, and the need 
about electron hole transportation material, such as a binder resin and an application nature improvement agent, are added, it 
dissolves, an application solution is prepared, and it applies on an anode plate 2 by methods, such as the spin coat method, and it 
dries and the electron hole transporting bed 4 is formed. A polycarbonate, a polyarylate, polyester, etc. are mentioned as a binder 
resin. Since it will reduce hole mobility if a binder resin has many additions, its fewer one is desirable and its 50 or less % of the 
weight is usually desirable. 

[0018] After paying electron hole transportation ingredients to the crucible installed in the vacuum housing and exhausting the 
inside of a vacuum housing to about 10 - 4Pa with a suitable vacuum pump, in the case of a vacuum deposition method, a 
crucible is heated, electron hole transportation material is evaporated in it, and the electron hole transporting bed 4 is made to 
form on the anode plate 2 on the substrate 1 which faced each other with the crucible and was placed. When forming the electron 
hole transporting bed 4, a low-battery drive can be enabled by doping the metal complex of an aromatic carboxylic acid and/or a 
metal salt (JP,4-320484,A), a benzophenone derivative and a thio benzophenone derivative (JP, 5-295361, A), and fullerene 
(JP,5-331458,A) by 10-3 - 10% of the weight of concentration, and making the electron hole as a free carrier generate as an 
acceptor further. 10-300nm of thickness of the electron hole transporting bed 4 is usually 3 0-100nm preferably. Thus, in order to 
form a thin film uniformly, generally a vacuum deposition method is used well. 

[0019] In order to raise contact of an anode plate 2 and the electron hole transporting bed 4, as shown in drawing 3 , it is possible 
to form the anode plate buffer layer 3. A thin film with it can be formed, stability, i.e., the melting point, and a glass transition 
temperature are thermally high, and 100 degrees C or more are required as 300 degrees C or more and a glass transition 
temperature as the melting point. [ the good contact to an anode plate and ] [ uniform as conditions required of the material used 
for an anode plate buffer layer ] Furthermore, it is mentioned that ionization potential is low and the hole injection from an anode 
plate is easy and that hole mobility is large. Until now for this purpose A porphyrin derivative and a phthalocyanine compound 
(JP,63-295695,A), Starburst type aromatic triamine (JP,4-308688,A), A hydrazone compound (JP,4-320483,A), the aromatic 
diamine derivative of alkoxy substitution (JP,4-220995,A), A p-(9-anthryl)-N and N-G p-tolyl aniline (JP,3-1 1 1485, A), A poly 
thienylene vinylene and Polly p-phenylenevinylene (JP,4-145192,A), Organic compounds, such as the poly aniline (refer to 
Appl.Phys.Lett., 64 volumes, 1245 pages, and 1994) Metallic oxides (9 or 43rd applied-physics relation union lecture meeting 
and 27 a-SY-1996), such as a spatter carbon film (JP,8-31573,A), and a banazin-san ghost, a ruthenium oxide, a molybdenum 
oxide, are reported. 

[0020] A porphyrin compound or a phthalocyanine compound is mentioned as a compound often used as the above-mentioned 
anode plate buffer-layer material. These compounds may have the central metal and the thing of a non-metal is sufficient as 
them. It is :porphins [ to which the following compounds are mentioned as an example of these desirable compounds ] 5, 10, and 
15, 20-tetrapod phenyl-21H, and 23H-porphins 5, 10, and 15, 20-tetrapod phenyl-21H, and 23H-poiphin cobalt (II). 
5, 10, 15, 20-tetrapod phenyl-21H, and 23H-porphin copper (II) 
5, 10, 15, 20-tetrapod phenyl-21H, and 23H-porphin zinc (II) 

5, 10, 15, and 20-tetrapod phenyl - 21H and 23H-porphin vanadium (IV) Oxides 5, 10, and 15, 20-tetrapod (4-pyridyl) - The 
21H and 23H-porphins 29H and 3 1H - Phthalocyanine ~ Copper » (» II ~) - Phthalocyanine » Zinc ~ (- II --) - 
Phthalocyanine ~ CHITANFUTAROSHIANINOKISHIDO - Magnesium ~ Phthalocyanine ~ Lead ~ Phthalocyanine - Copper 
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-- (-- II --) Four -- Four -- ' -- Four -- " -- Four Tetraaza One -29 -H--31 H - Phthalocyanine - [ - 0021 - ] 
Although thin film formation is possible also for the case of an anode plate buffer layer like an electron hole transporting bed, in 
the case of an inorganic substance, a spatter, an electron-beam-evaporation method, and a plasma CVD method are used further. 
3-100nm of thickness of the anode plate buffer layer 3 formed as mentioned above is usually 10-50nm preferably. 
[0022] A luminous layer 5 is formed on the electron hole transporting bed 4. A luminous layer 5 is formed from the compound 
which carries out white luminescence by making the electron hole conveyed in inter-electrode [ which was able to give electric 
field ] by passing the electron hole transporting bed poured in from the anode plate 2, and the electron conveyed by passing the 
electron hole blocking layer 6 poured in from cathode 8 recombine efficiently. For that purpose, to be the compound which the 
impurity which combines both electron hole transportability and electronic transportability, hole mobility and electron mobility 
are large, is moreover further excellent in stability, and serves as a trap cannot generate easily at the time of manufacture and use 
is demanded. 

[0023] In this invention, a luminous layer can enable efficient white luminescence, when the fluorescence maximum- wave length 
in a distributed state or a dilute-solution state makes the fluorochrome in the range which is 55O-650nm contain 0.1 to 10% of the 
weight to the above-mentioned host material by making into host material the aromatic-arnine compound in the range whose 
fluorescence maximum- wave length in a thin film state is 400-5 OOnra This is explained using the CIE chromaticity-coordinate 
view (JISZ8701) shown in drawing 4 . White luminescence is expressed in the field centering on the white point (x=y=l/3) 
shown by W in drawing. Luminescence of blue host material which has fluorescence maximum- wave length in 400-500nm is 
located in the field of bluish green, blue, and purple-blue by drawing 4 . On the other hand, luminescence of the fluorochrome for 
doping whose fluorescence maximum-wave length is 550-650nm corresponds to the field of the yellowish green in drawing, 
yellow, a sour orange, and red. For example, if the thing of b points is combined as dope coloring matter when using the thing of 
a points as a host material of purple-blue color luminescence, the color expressed with ab line by additive mixture of colors will 
be attained, and luminescence of a white field will be obtained by adjusting the amount of dopes. Similarly, if the thing of d 
points is chosen as the thing of c points, and dope coloring matter as a blue host material, cd line which crosses a white field 
broadly will be obtained, and the white light emitting device which is gently dependent on doping concentration dependence will 
be attained. The same is said of ef line and ef line. 

[0024] In this invention, a fluorescence nature aromatic-amine compound is used as a blue host material which fulfills the 
above-mentioned conditions. Although the attempt using an aromatic-amine compound as a luminous layer of electron hole 
transportability is made also conventionally Do not prepare an electron hole transporting bed between anode plates, or 
(JpnJ.Appl.Phys., 32 L 917 pages, 1993), The ionization potential of a luminous layer was not higher than the ionization 
potential of an electron hole transporting bed (JpnJ.Appl.Phys., 35 volumes, 4819 pages, 1996), and the luminous efficiency of 
an element was also low for writing, and only the low blue light emitting device of stability was obtained. In this invention, in 
order to use the aromatic-amine compound of electron hole transportability effectively as a luminous layer, it found out that it 
was suitable to use the fluorescence nature aromatic amine which has ionization potential smaller O.leV or more than the 
ionization potential of an electron hole transporting bed. Preventing quenching in the anode plate of the exciton by raising the 
electron hole concentration in the lurninous layer at the time of element energization and the reunion within a luminous layer 
according to this element structure is attained simultaneously. 

[0025] Although the further limit cannot be found in an aromatic-amine compound as a lu minous layer material in the organic 

electroluminescence devices of this invention as long as the relation of ionization potentiaTwith an electron hole transporting bed 

is filled, when crystallization prevention of a luminous layer and thermal stability are taken into consideration, it is desirable to 

have a high glass transition temperature (Tg). It is useful to contain the third class nitrogen atom which has at least one fused 

aromatic ring machine as a substituent as an aromatic-amine compound which has high Tg. It is still more desirable to be chosen 

out of the aromatic-amine compound by which the aromatic amine contained in a luminous layer is expressed with the following 

general formula (I) or (II) from this. 

[0026] 

[Formula 81 

Ar \ r 
n— x— n (I) 

Ar 2 Ai 4 

[0027] In the aforementioned general formula (I) preferably X The bivalent benzene ring which may have the substituent 
respectively, a naphthalene ring, An anthracene ring, binaphthyl, a fluorene ring, a phenanthrene ring, a pyrene ring, An acridine 
ring, a phenazine ring, a phenanthridine ring, a phenanthroline ring, A bipyridyl ring and a biphenyl are shown, as the 
aforementioned substituent A halogen atom; methyl group, alkyl group [ of the carbon numbers 1-6, such as an ethyl group, ]; ~ 
alkenyl machine [, such as a vinyl group, ]; ~ a methoxycarbonyl group ~ The alkoxy carbonyl group of the carbon numbers 1-6, 
such as an ethoxycarbonyl rnachine; dialkylamino machines, such as aryloxy group; diethylamino machines, such as an 
alkoxy-group; phenoxy machine of the carbon numbers 1-6, such as a methoxy rrachine and an ethoxy basis, and a benzyloxy 
machine, and a diisopropylamino machine, are shown. As the aforementioned substituent, a methyl group, a phenyl group, and a 
methoxy machine are mentioned especially preferably. 

[0028] Arl Or Ar4 You may have the substituent respectively independently respectively preferably. A phenyl group, a biphenyl 
machine, a naphthyl group, an anthryl machine, a phenan tolyl group, A pyrenyl machine, a BIRIJIRU niachine, a triazyl 
machine, a pyrazyl machine, a quinoxalyl machine, a thienyl group - being shown » as the aforementioned substituent - alkenyl 
machines of the carbon numbers 1-6, such as a halogen atom; methyl group and an ethyl group, such as an alkyl group; vinyl 
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group, --; methoxycarbonyl group — The alkoxy carbonyl group of the carbon numbers 1-6, such as an ethoxycarbonyl machine; 

dialkylarnino machines, such as aryloxy group; diethylamino machines, such as an alkoxy-group; phenoxy machine of the carbon 

numbers 1-6, such as a methoxy machine and an ethoxy basis, and a benzyloxy machine, and a diisopropylarnino machine, are 

shown. As the aforementioned substituent, a methyl group, a phenyl group, and a methoxy machine are mentioned especially 

preferably. 

[0029] 

[Formula 9] 




[0030] In the aforementioned general formula (II), Y is chosen from the trivalent benzene ring replaced by the nitrogen atom or 1 
and 3, and 5-grades. Ar5 And Ar6 You may have the substituent respectively independently respectively preferably. A phenyl 
group, a biphenyl machine, a naphthyl group, an anthryl machine, a phenan tolyl group, A pyrenyl machine, a pyridyl machine, a 
triazyl machine, a pyrazyl machine, a quinoxalyl machine, a thienyl group - being shown -- as the aforementioned substituent - 
alkenyl machines of the carbon numbers 1-6, such as a halogen atom; methyl group and an ethyl group, such as an alkyl group; 
vinyl group, --; methoxycarbonyl group - The alkoxy carbonyl group of the carbon numbers 1-6, such as an ethoxycarbonyl 
machine; dialkylarnino machines, such as aryloxy group; diethylamino machine; diisopropylarnino machines, such as an 
alkoxy-group; phenoxy machine of the carbon numbers 1-6, such as a methoxy machine and an ethoxy basis, and a benzyloxy 
rnachine, are shown. As the aforementioned substituent, a methyl group, a phenyl group, and a methoxy machine are mentioned 
especially preferably. 

[0031] In this invention, according to the molecular structure shown in the aforementioned general formula (I) or a general 
formula (II), Tg can be made into 85 degrees C or more, it is possible to give the amorphous thin film which is not easily 
crystallized by this heat-resistant improvement, and the counter diffusion of the molecule between an electron hole transporting 
bed, an electronic transporting bed, etc. can fully be suppressed also under the elevated temperature of 85 degrees C or more. 
Moreover, the luminous layer which can also make ionization potential smaller 0.1 eV or more than that of an electron hole 
transporting bed, and has the fluorescence maximum to the wavelength field which is 400-500nm can be designed. Although the 
desirable example of an aromatic-amine compound expressed with the aforementioned general formula (I) and (II) is shown in 
Table 1 or 5, it is not limited to these. 
[0032] 
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[0037] These compounds may be used independently, and if needed, it may mix respectively and they may be used. As a 
fluorochrome doped by the luminous layer by making the aforementioned aromatic-amine compound into host material, the 
"Tluorescence maximum-wave length in a distributed state or a dilute-solution state should just be a fluorochrome in the range 
which is 550-650nra A distributed state or a dilute-solution state means the density range to which concentration quenching of a 
fluorochrome does not happen, and is usually 10 or less % of the weight here. The naphthacene derivative which makes rubrene 
representation as coloring matter which has yellow fluorescence from yellowish green, for example (JP ,4-33 5087, A), As a peri 
MIDON derivative (JP,4-320485,A) and an orange fluorochrome A benzo thioxanthene derivative (JP,5-222362,A), DCM 
coloring matter (JP,63-264692,A) ) rhodamine coloring matter, etc. as a red fluorochrome Perylene pigments, such as an 
azabenzthioxanthene derivative (Japanese-Patent-Application-No. No. 88172 [ nine to ] specification), phenoxazone, DCJ 
coloring matter (Chem.Funct.Dyes, Proc.Int.Symp., 2ndl992, 536 pages), and RUMOGEN F red, etc. are mentioned. With 
doping the above-mentioned fluorochrome in 0.1 - 10% of the weight of a density range into blue host material, desired white 
luminescence can be obtained by adding luminescence from dope coloring matter to luminescence from host material. 
[0038] It is also effective to dope further the fluorochrome which has fluorescence maximum- wave length in the thin state to 
400-5 OOnm, and to add it to it, in order to take white balance, and in order to raise luminous efficiency. As dope coloring matter 
used for this purpose, condensation polycyclic aromatic rings (JP,5- 198377, A), such as a perylene, a coumarin derivative, a 
naphthalic-acid imide derivative (JP,4-320486,A), an aromatic-amine derivative (JP,8-199162,A), etc. are mentioned, for 
example. As for the rate which these dope coloring matter contains into host material, it is desirable that it is in 0.1 - 10% of the 
weight of the range. A 400-500 above-mentionednm fluorochrome may be uniformly d oped in a luminous layer, and may be 
doped partially. As a method of performing the above-mentioned doping by tne vacuum deposition method, there are a method 
by vapor codeposition and the method of mixing the source of vacuum evaporation© by predetermined concentration beforehand. 
In addition, if it is above-mentioned doping concentration within the limits, the ionization potential of host material will not 
change with doping. 

[0039] Although it is uniformly doped in the direction of thickness of a luminous layer when each above-mentioned dopant is 
doped in a luminous layer, in the direction of thickness, there may be a concentration distribution or itmpy p art1 >% rfop^ by 
the luminous layer . For example, it may dope only near the interface with an electron hole transporting bed, or you may dope 
near the electron hole blocking-layer interface conversely. A luminous layer 5 is formed by carrying out a laminating on the 
electron hole transporting bed 4 by the applying method or the vacuum deposition method like the electron hole transporting bed 
4. However, in the case of the applying method, it is necessary to use the solvent in which the electron hole transporting bed by 
which thin film formation has already been carried out is not dissolved. 5-300nm of thickness of a luminous layer 5 is usually 
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10-100nm preferably. Thus, in order to form a thin film uniformly, generally a vacuum deposition method is used well. 
[0040] The electron hole blocking layer 6 is formed on a luminous layer 5. The electron hole blocking layer 6 is formed from the 
compound which can convey efficiently the role which prevents reaching cathode in the electron hole where it moves from a 
luminous layer, and the electron poured in from cathode in the direction of a luminous layer 5. Since electron mobility is high 
and hole mobility shuts up a low thing and an electron hole in a luminous layer efficiently as physical properties for which the 
material which constitutes an electron hole blocking layer is asked, it is necessary to have the value of ionization potential larger 
0.2eV or more than the ionization potential of a luminous layer. Since an electron hole transporting bed consists of material 
without electronic transport capacity, an electron hole blocking layer shuts up an electron hole and an electron in a luminous 
layer, and has the function which raises luminous efficiency. It is the mixed ligand complex expressed with the following general 
formulas (III) as an electron hole blocking-layer material which fulfills such conditions, and [0041]. 
Formula 10 




;m-l 



(in) 



[0042] the inside of a formula, Rl, or R6 — respectively — becoming independent — a hydrogen atom and a halogen atom ~ An 
alkyl group, an aralkyl machine, an alkenyl machine, an allyl group, a cyano group, the amino group, An acyl group, an alkoxy 
carbonyl group, a carboxyl group, an alkoxy group, An alkyl sulfonyl machine, alpha-halo alkyl group, a hydroxyl group, the 
amide group that may have the substituent, the general formula (Ilia) expressing the aromatic heterocycle machine which may 
have the aromatic-hydrocarbon machine or substituent which may have the substituent, and M's showing aluminum atom or Ga 
atom, and showing L below ~ or (Illb) (IIIc) One of bases is expressed. 
[0043] 

[Formula 11] 

-O-Ar' (|||a) -O-C-Ar* (Illb) _Or?-Ar» (Hlc) 

At 11 



[0044] (Z expresses the atom of either Si, germanium or Sn among a formula, and Ar9 or ArlO expresses respectively 
independently the aromatic-hydrocarbon machine or aromatic heterocycle machine which may have the substituent respectively) 
The 2 nucleus metal complex, [0045] which are expressed with the following general formulas (IV) 




[0046] the inside of a formula, Rl, or R6 ~ respectively - becoming independent ~ a hydrogen atom and a halogen atom ~ An 

alkyl group, an aralkyl machine, an alkenyl rracriine, an allyl group, a cyano group, the amino group, An acyl group, an alkoxy 

carbonyl group, a carboxyl group, an alkoxy group, Expressing the aromatic heterocycle machine which may have the 

aromatic-hydrocarbon machine or substituent which may have an alkyl sulfonyl machine, alpha-halo alkyl group, the hydroxyl 

group, the amide group that may have the substituent, and the substituent, M shows aluminum atom or Ga atom. 

The compound, [0047] which ****** at least 1, 2, and 4-triazole ring shown with the following structure expressions (IV) 

[Formula 13] 
n-n 

-V- (V) 
I 

[0048] The styryl compound shown by the following general formulas (V) is mentioned. 

[0049] 

[Formula 14] 

Ar( 3 Ar 15 

C^H-Ar^CH^ (VI) 

[0050] (Arl2 expresses among a formula the bivalent aromatic-hydrocarbon machine or bivalent aromatic heterocycle machine 
which may have the substituent respectively, and Arl3 or Arl6 expresses respectively independently the aromatic-hydrocarbon 
machine or aromatic-hydrocarbon machine which may have the substituent respectively) 

As an example of a mixed ligand complex shown by the aforementioned general formula (III), screw (2-methyl-8-kino 
RINORATO) (phenolate) aluminum, a screw (2-methyl-8-kino RINORATO (ORUTO-cresolate) aluminum --) Screw 
(2-methyl-8-kino RINORATO) (meta-cresolate) aluminum, Screw (2-methyl-8-kino RINORATO) (Para-cresolate) aluminum, 
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Screw (2-methyl-8-kino RIN0RAT0) (ortho-phenylphenolate) aluminum, Screw (2-methyl-8-kino RINORATO) 
(meta-phenylphenolate) aluminum, Screw (2-methyl-8-kino RINORATO) (para-phenylphenolate) aluminum, Screw 
(2-methyl-8-kino RINORATO) (2,3-dimethylphenolate) aluminum, Screw (2 -methyl- 8 -kino RINORATO) (2, 6-dimethyl 
phenolate) aluminum, Screw (2-methyl-8-kino RINORATO) (3, 4-dimethyl phenolate) aluminum, Screw (2-methyl-8-kino 
RINORATO) (3, 5-dimethyl phenolate) aluminum, Screw (2-methyl-8-kino RINORATO) (3, 5-G tert-butyl phenolate) 
aluminum, Screw (2 -methyl- 8 -kino RINORATO) (2, 6-diphenyl phenolate) aluminum, Screw (2 -methyl- 8 -kino RINORATO) (2, 
4, 6-triphenyl phenolate) aluminum, Screw (2-methyl-8-kino RINORATO) (2, 4, 6-trimethyl phenolate) aluminum, Screw 
(2-methyl-8-kino RINORATO) (2, 3, 6-trimethyl phenolate) aluminum, Screw (2-methyl-8-kino RINORATO) (2, 3, 5, 
6-tetramethyl phenolate) aluminum, Screw (2-methyl-8-kino RINORATO) ( 1 -NAFUTORATO) aluminum, Screw 
(2 -methyl- 8-kino RINORATO) (2-NAFUTORATO) aluminum, Screw (2-methyl-8-kino RINORATO) (triphenyl 
SHIRANORATO) aluminum, Screw (2 -methyl- 8 -kino RINORATO) (triphenyl germanium NORATO) aluminum, Screw 
(2-methyl-8-kino RINORATO) (tris (4, 4, - biphenyl) SHIRANORATO) aluminum, Screw (2, 4-dimethyl-8-kino RINORATO) 
(ortho-phenylphenolate) aluminum, Screw (2, 4-dimethyl-8-kino RINORATO) (para-phenylphenolate) aluminum, Screw (2, 
4-dimethyl-8-kino RINORATO) (meta-phenylphenolate) aluminum, Screw (2, 4-dimethyl-8-kino RINORATO) (3, 5-dimethyl 
phenolate) aluminum, Screw (2, 4-dimethyl-8-kino RINORATO) (3, 5-G tert-butyl phenolate) alurriinum, Screw 
(2-methyl-4-ethyl-8-kino RINORATO) (Para-cresolate) aluminum, Screw (2-methyl-4-methoxy-8-kino RINORATO) 
(para-phenylphenolate) aluminum, Screw (2-methyl-5-cyano-8-kino RINORATO) (ORUTO-cresolate) aluminum, Screw 
(2-memyl-6-trifluoromethyl-8-kino RINORATO) (2-NAFUTORATO) aluminum, A screw (2 -me thy 1-8 -kino RINORATO) 
(phenolate) gallium, a screw (2-methyl-8-kino RINORATO) (ORUTO-cresolate) gallium, A screw (2-methyl-8-kino 
RINORATO) (para-phenylphenolate) gallium, A screw (2-methyl-8-kino RINORATO) (1 -NAFUTORATO) gallium, A screw 
(2-methyl-8-kino RINORATO) (2-NAFUTORATO) gallium, a screw (2-methyl-8-kino RINORATO) (triphenyl 
SHIRANORATO) gallium, a screw (2-methyl- 8-kino RINORATO) (tris (4 and 4-biphenyl) SHIRANORATO) gallium, etc. are 
mentioned. Screw (2-methyl-8-kino RINORATO) (2-NAFUTORATO) aluminum and screw (2-methyl-8-kino RINORATO) 
(triphenyl SHIRANORATO) aluminum are mentioned especially preferably. 

[0051] As an example of a 2 nucleus metal complex expressed with the aforementioned general formula (IV), screw 
(2-methyl-8-KINORATO) aluminum-mu-OKISO-screw-(2 -methyl- 8-kino RINORATO) aluminum, Screw (2, 4-dimethyl-8-kino 
RINORATO) aluminum-mu-OKISO-screw-(2, 4 -dime thy 1-8 -kino RINORATO) aluminum, Screw (4-ethyl-2-methyl-8-kino 
RINORATO) aluminum-mu-OKISO-screw-(4-ethyl-2-methyl-8-kino RINORATO) aluminum, Screw (2-methyl-4-methoxy kino 
RINORATO) aluminum-mu-OKISO-screw-(2-methyl-4-methoxy kino RINORATO) aluminum, Screw 

(5 -cyano-2 -methyl- 8 -kino RINORATO) aluniinum-mu-OKISO-screw-(5-cyano-2 -methyl- 8-kino RINORATO) aluminum, Screw 
(5-chloro-2-methyl-8-kino RINORATO) aluminum-mu-OKISO-screw-(5-chloro-2-methyl-8-kino RINORATO) aluminum, 
Screw (2-methyl-5-trifluoromethyl-8-kino RINORATO) alurninum-mu-OKISO-screw-(2-methyl-5-trifluoromethyl-8-kino 
RINORATO) aluminum etc. is mentioned. Screw (2-methyl-8-kino RINORATO) aluminum-mu-OKISO-screw-(2-methyl-8-kino 
RINORATO) aluminum is mentioned especially preferably. The example of a compound of ******(ing) at least 1, 2, and 
4-triazole ring expressed with the aforementioned structure expression (V) is shown below. 
[0052] 

[Formula 15] 




Et 
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[0053] As an example of a styryl compound expressed with the aforementioned general formula (VI), the distyrylbiphenyl 

derivative which shows a structure expression is listed, for example to below. 

[0054] 

[Formula 16] 



[0055] 0.3-100nm of thickness of the electron hole blocking layer 6 is usually 0.5-30nm preferably. Although an electron hole 
blocking layer can also be formed by the same method as an electron hole transporting bed, a vacuum deposition method is 
usually used. It is possible to form the electronic transporting bed 7 between the electron hole blocking layer 6 and cathode 8 for 
the purpose of raising the luminous efficiency of an element further. The electronic transporting bed 7 is formed from the 
compound which can convey efficiently the electron poured in from cathode in inter-electrode [ which was able to give electric 
field ] in the direction of the electron hole blocking layer 6. An electronic transporting bed has the effect which prevents 
spreading the exciton generated by the reunion in a luminous layer, and quenching in cathode 8. It is required to be the 
compound which can convey efficiently the electron into which the electron-injection efficiency from cathode 8 has high electron 
mobility, and was highly poured as an electronic transportability compound used for the electronic transporting bed 7. 
[0056] As a material which fulfills such conditions, metal complexes, such as an aluminum complex of 8-hydroxyquinoline 
(JP,59-194393,A), The metal complex of a 10-hydroxy BENZO [h] quinoline (JP,6-322362,A) 5 An OKISA diazole derivative 
(JP,2-216791,A), a distyrylbiphenyl derivative (JP,3-231970,A), A SHIRORU derivative (JP,9-87616,A), 3, or a 5-hydroxy 
flavone metal complex (Appl.Phys.Lert., 71 volumes, 3338 pages, 1997), A bends oxazole metal complex (JP,6-336586,A) S a 
benzothiazole metal complex (JP,9-279134,A), Tris benzimidazolyl benzene (U.S. Pat. No. 5,645,948 specification), A 
quinoxaline compound (JP,6-207169,A), a phenanthroline derivative (JP,5-331459,A), 2-t-butyl -9, 10-N, and N'-dicyano 
anthraquinone diirnine (Phys.Stat.Sol. (a), 142 volumes, 489 pages, 1994), n type hydrogenation amorphous carbonization 
silicon, n type zinc sulfide, n type zinc selenide, etc. are mentioned. 5-200nm of thickness of the electronic transporting bed 7 is 
usually 1 0- 1 OOnm preferably. 

[0057] Cathode 8 plays the role which pours an electron into the electronic transporting bed 7. Although the material used as 
cathode 8 can use the material used for the aforementioned anode plate 2, in order to perform an electron injection efficiently, 
the low metal of a work function is desirable and suitable metals or those alloys, such as tin, magnesium, an indium, calcium, 
alurninum, and silver, are used. As an example, low work function alloy electrodes, such as a magnesium-silver alloy, a 
magnesium-indium alloy, and an aluminum-lithium alloy, are mentioned. 

[0058] Furthermore, it is the effective method of raising the efficiency of element to insert ultra-thin films (0.1-5nm), such as 
alkali metal compounds, such as LiF and Li2 O, and an alkaline-earth halogenide, in the interface of cathode, a luminous layer, 
or an electronic transporting bed (Appl.Phys.Lert., 70 volumes, 152 pages, 1997;IEEE Trans.Electron.Devices, 44 volumes, 
1245 pages, the 1997; Japanese-Patent- Application-No. No. 86662 [ nine to ] specification). The thickness of cathode 8 is 
usually the same as that of an anode plate 2. It increases the stability of an element that a work function carries out the laminating 
of the stable metal layer to the atmosphere further highly on this in order to protect the cathode which consists of a low work 
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function metal. For this purpose, metals, such as copper, aluminum, silver, nickel, chromium, gold, and platinum, are used. 
[0059] In addition, it is also possible to carry out a larninating to the order of cathode 8, the electronic traiisporting bed 7, a 
luminous layer 5, the electron hole transporting bed 4, and an anode plate 2 on structure contrary to drawing 1 , i.e., a substrate, 
and at least one side is able to prepare the organic electrolurninescence devices of this invention between two substrates with 
high transparency, as mentioned already. It is also possible similarly to carry out a larninating to structure contrary to the 
aforementioned class composition shown in drawing 2 and drawing 3 . According to the organic electrolurninescence devices of 
this invention, luminous efficiency is high, white luminescence excellent in stability is obtained, it functions as the back light 
light source it is not only useful as a display device of a direct viewing type, but, and it is also still more possible to produce a 
full color display device by combining with a light filter. 
[0060] 

[Example] Next, although an example explains this invention still more concretely, this invention is not limited to the publication 
of the following examples, unless the summary is exceeded. 

It exhausted using the oil diffusion pump until it installed in the vacuum evaporation system and the degree of vacuum in 
equipment was set to 2x10 to 6 or less Torrs, after ultrasonic cleaning and pure water performed the example of reference 1 glass 
substrate by rinsing and isopropyl alcohol and the acetone performed dryness, and UV / ozone washing with ultrasonic cleaning 
and dryness nitrogen. The instantiation compound (1-3) was put into the ceramic crucible, it heated at the tantalum line heater 
around a crucible, and vacuum evaporationo was performed. The temperature of the crucible at this time was controlled in 
200-260 degrees C. The degree of vacuum at the time of vacuum evaporationo is 1.8xl0-6Torr (about 2.3x10 to 4 Pa), and 
obtained the uniform and transparent film of 82nm of thickness by the 0.3nm [/second ] evaporation rate. When the ionization 
potential of this thin film sample was measured using the ultraviolet-rays electronic analysis apparatus (AC-1) by Riken Keiki 
Co., Ltd., the value of 5.06eV was shown. The maximum of the fluorescence wavelength which excited and measured this 
vacuum evaporationo film by the mercury lamp (wavelength 350nm) was 465nm, and was blue fluorescence, moreover ~ the 
powder sample of an instantiation compound -- SEIKO electronic company make ~ when differential-thermal-analysis 
measurement was carried out by DSC-20, Tg showed 93 degrees C and the high value Similarly, the result which measured 
ionization potential, fluorescence maximum-wave length, and Tg about other instantiation compounds is shown in Table -6. 
[0061] 
[Table 6] 

g-6 
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Tg VC] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 


88 


1-10 


5.00 


450 


146 


I-27 


5.09 


470 


142 


I-28 


5.05 


480 


120 



[0062] It is the 4 and 4'-screw p^-(l-naphmyl)-N-phenylamino] biphenyl (H-l) which replaces with an instantiation compound 
(1-3), and is shown below as a material of an example of reference 2 electron-hole transporting bed The source of vacuum 
evaporationo, and [0063] 
[Formula 17] 




(H-1) 



[0064] It carried out and also the vacuum evaporationo film was produced like the example 1 of reference. When the ionization 
potential of this thin film sample was measured, the value of 5.25eV was shown. 

As a material of an example of reference 3 electron-hole blocking layer, it replaced with the instantiation compound (1-3), and 
the screw (2-methyl-8-kino RINORATO) (triphenyl SHIRANORATO) aluminum complex (HB-1) shown below was made into 
the source of vacuum evaporationo, and also the vacuum evaporationo film was produced like the example 1 of reference. 
[0065] 
[Formula 18] 
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[0066] It was 5.5 leV as a result of measuring the ionization potential of this thin film sample. 

The organic electroluminescence devices which have the structure shown in example 1 drawing 2 were produced by the 
following methods, patterning of what deposited 120nm of indium stannic-acid ghost (ITO) transparent electric conduction films 
on the glass substrate (15ohms of sheet resistance [ Geomatec; electron beam membrane formation article; ]) was carried out to 
the usual photolithography technology at the stripe of 2mm width of face using hydrochloric-acid etching, and the anode plate 
was formed The ITO substrate which carried out pattern formation was dried by the nitrogen blow after washing in order of 
ultrasonic cleaning by the acetone, rinsing by pure water, and ultrasonic cleaning by isopropyl alcohol, finally ultraviolet-rays 
ozone washing was performed, and it installed in the vacuum evaporation system. It exhausted using the oil diffusion pump 
equipped with the liquid nitrogen trap until the degree of vacuum in equipment became below 2xlO-6Torr (about 2.7x10 to 4 
Pa), after the oil sealed rotary pump performed rough exhaust air of the above-mentioned equipment. 

[0067] As an electron hole transporting-bed material, the 4 and 4'-screw (N-(l-naphmyl)-N-phenylamino] biphenyl (H-l) was 
put into the ceramic crucible, it heated at the tantalum line heater around a crucible, and vacuum evaporationo was performed. 
The temperature of the crucible at this time was controlled in 275-280 degrees C. The degree of vacuum at the time of vacuum 
evaporationo is l.lxlO-6Torr (about 1.5x10 to 4 Pa), and obtained the electron hole transporting bed 4 of 60nm of thickness by 
the 0.3nm [/second ] evaporation rate, next, the rubrene (D-l) which makes an instantiation compound (I- 10) host material for a 
luminous layer 5, and shows a structure expression below — a dope fluorochrome — carrying out — duality ~ vacuum 
evaporationo was performed on the above-mentioned electron hole transporting bed 4 by the simultaneous vacuum deposition 
[0068] 

[Formula 19] 



[0069] The range of the crucible temperature of the instantiation compound at this time (I- 10) is 320-330 degrees C, and the 
crucible temperature of rubrene was controlled by 200 degrees C. The degree of vacuum at the time of vacuum evaporationo was 
l.lxlO-6Torr (about 1.5x10 to 4 Pa), it was the 0.2nm [/second ] evaporation rate of host material, and thickness was 30nm. It 
considers as the field which is not doped without opening the shutter of a rubrene crucible, and was made for rubrene to become 
0.4 % of the weight to host material in the field of the 15nm of the first thickness in the 15nm field of the second half at this time. 
Then, vacuum evaporationo was performed for the screw (2-methyl-8-kino RINORATO) (triphenyl SHIRANORATO) 
aluminum complex (HB-1) similarly on the above-mentioned luminous layer 5 as a material of the electron hole blocking layer 6. 
The temperature of the crucible at this time was controlled in 180-190 degrees C. The degree of vacuum at the time of vacuum 
evaporationo was 8.0xl0-7Torr (about 1.1x10 to 4 Pa), it was a 0.5nm [/second ] evaporation rate, and thickness was 20nm. 
Furthermore, vacuum evaporationo was performed for 8-hydroxyquinoline complex (E-1) of the aluminum shown below as a 
material of the electronic transporting bed 7 similarly on the above-mentioned electron hole blocking layer 6. 
[0070] 
[Formula 20] 



[0071] The temperature of the crucible at this time was controlled in 300-3 10 degrees C. The degree of vacuum at the time of 
vacuum evaporationo was 8.0xl0-7Torr (about 1.1x10 to 4 Pa), it was a 0.3nm [/second ] evaporation rate, and thickness was 
25nm. The substrate temperature when carrying out vacuum deposition of the electronic transporting bed 7 was held from the 
above-mentioned electron hole transporting bed 4 to the room temperature. 

[0072] The element which performed the vacuum evaporationo to the electronic transporting bed 7 is taken out from the inside 
of the aforementioned vacuum evaporation system in the atmosphere at once here. As a mask for cathode vacuum evaporationo, 
the stripe-like shadow mask of 2mm width of face It was made to stick to an element so that it may intersect perpendicularly with 
the ITO stripe of an anode plate 2, and it exhausted until it installed in another vacuum evaporation system and the degree of 
vacuum in equipment became below 2xlO-6Torr (about 2.7x10 to 4 Pa) like the organic layer. Magnesium fluoride (MgF2) was 




(D-1) 
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first formed on the electronic transporting bed 7 by 0.5nm thickness by 0.04nm [/second ] evaporation-rate and degree of 
vacuum 5.0xlO-6Torr (about 6.7x10 to 4 Pa), using a molybdenum boat as cathode 8. Next, aliiminum was similarly heated by 
the molybdenum boat and the aluminum layer of 40nm of thickness was formed by 0.5nm [/second ] evaporation-rate and degree 
of vacuum 1.2xlO-5Torr (about 1.6x10 to 3 Pa). Furthermore, on it, in order to raise the conductivity of cathode, similarly, the 
molybdenum boat was used, copper was heated, the copper layer of 40nm of thickness was formed by 0.4nm [/second ] 
evaporation-rate and degree of vacuum 1.2xlO-5Torr (about 1.6x10 to 3 Pa), and cathode 8 was completed. The substrate 
temperature at the time of the vacuum evaporationo of the above three-layer type cathode 8 was held to the room temperature. 
[0073] The organic electroluminescence devices which have the luminescence area portion of 2mmx2mm size as mentioned 
above were obtained. The luminescence property of this element is shown in Table -7. Setting to Table -7, luminescence 
brightness is 250 mA/cm2. The value in current density and luminous efficiency are 100 cd/m2. For a value, and 
brightness/current, voltage is the inclination of a brightness-current density property 100 cd/m2 A value is shown respectively. A 
CIE chromaticity-coordinate value (JIS Z8701) is doubled and shown. EL spectrum is shown in drawing 5 . The luminescent 
color was white. The preservation stability of the element which remarkable elevation of driver voltage is not seen, and after 
prolonged preservation does not have the fall of luminous efficiency or brightness, either, and was stabilized by this element was 
acquired. 
[0074] 
[Table 7] 
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[0075] The instantiation compound (1-27) was made into the benzo thioxanthene derivative (D-2) which shows a dope 
fluorochrome in the following structure expressions as a host material of example 2 luminous layer, and also it is [0076] like an 
example 1. 
[Formula 21] 

(D-2) 
o 

[0077] It was alike, it carried out and the element was produced. The luminescence property of an element is shown in Table -7. 
EL spectrum is shown in drawing 6 . The luminescent color was white. 

It considered as the azabenzthioxanthene derivative (D-3) which shows a dope fluorochrome [ in / the field of 15nm of thickness 
by the side of an electron hole blocking layer / for a perylene ] in the following structure expressions as a host material of 
example 3 luminous layer as a dope fluorochrome / in / the field of 15nm of thickness by the side of an electron hole transporting 
bed / for an instantiation compound (1-3) ], and also the element was produced like the example 1. 
[0078] 

[Formula 22] 




(D-3) 



o 



[0079] The luminescence property of an element is shown in Table -7. 

Voltage is changed for the element produced in the example 4 example 1, an intensity level is changed, an emission spectrum is 
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measured, and the result which asked for the chromaticity coordinate is shown in Table -8. Although the chromaticity-coordinate 
value was changed a little, it was the grade in which all are white luminescence fields and no problem is practically. 
[0080] 
[Table 8] 
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[0081] Into example of reference 4 lurninous-layer material, it used and an instantiation compound (I- 10) and (1-27) (1-3) the 
others which are not doped to a luminous layer produced the element like the example 1. The luminescence property of these 
elements is shown in Table -7. All were the luminescent color of blue and a bluish green color. The chromaticity-coordinate 
value calculated from the fluorescence spectrum in the solution of the dope coloring matter used in the chromaticity coordinate 
and examples 1-3 of the element which is not these-doped is shown in drawing 7 . 

[0082] An example of comparison 1 electron-hole blocking layer was not prepared, but thickness of an electronic transporting 
bed was set to 45nm, and also the element was produced like the example 2. The luminescence property of this element is shown 
in Table -7. Blue luminescence was not obtained but yellowish green luminescence by which dope coloring matter joined 
luminescence from 8-hydroxyquinoline complex of the aluminum used as an electronic transporting bed was observed. 
An example of comparison 2 electron-hole transporting bed was not prepared, but the thickness was set to 60nmby using 
luminous layer material as an instantiation compound (1-3), azabenzthioxanthene (D-3) was used as dope coloring matter, and 
also the element was produced like the example 1. The luminescence property of this element is shown in Table -7. Luminous 
efficiency was low although white luminescence was obtained. 

[0083] Doped a perylene and the benzo thoxanthene (D-2) 1.0 or 0.4% of the weight respectively, and did not prepare an 
electron hole blocking layer, using the aforementioned compound (HB-1) as an example of comparison 3 blue luminous layer 
host material, (E-l) was used as an electronic transporting bed, and also the element was produced like the example 1. [ 45nm ] 
The luminescence property of this element is shown in Table -7. Luminous efficiency was low although white luminescence was 
obtained. 
[0084] 

[Effect of the Invention] In order to make the luminous layer which consists of a specific aromatic amine contain specific 
luminescence coloring matter according to the organic electroluminescence devices of this invention, the element which could 
attain white luminescence of high lurninous efficiency, and improved can be obtained. Therefore, as the object for mount as 
which the organic electroluminescence devices by this invention can consider the application to the light source (for example, the 
light source of a copying niachine, the back light light source of a liquid crystal display or instruments) and the plotting board 
which employed the feature as a flat-panel display (for example, the object for OA computers and a flat TV), a multicolor 
display device, or a field emitter efficiently, an indicator, etc. to be, and high thermal resistance is required especially, and an 
outdoor-type display device, the technical value is large. 
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308 688^ffl) % bH7Vyfl:^ft(«irF4- 
3 2 04 8 3^&$8) . T/Ua^i^mcnmm^T^ 
y0§#tt<ftliH i 4-2 2O99 5^&#) . P - (9 

-ryhvtv) -n, N-y-p-Mi^r-yy (# 

^3 - 1 1 1 4 8 5^ffi) . #y f-x-^yt'-l' 
y J ^'J-p-7x-l/>'t-l/y (^^4-14 5 
19 2^&f8) . dfjr-'jy (App 1. Phys. 
Lett. , 64m, 124 5K, 19 94if#8g)^ 
0>tfMHIte1iK\ Xrty* • (#1^8 -3 

1 5 7 3^m) Aty>)AKfl:ft x ;kf--7AiJ 
-ftfe. tUrrVi^itll^O^SKfl:^ (S64 3E]ftffl 
SjS^Rftji^lSiSi^, 27a-SY-9, 1996 
if) tffgSSftTUS. 

[0020] JJIISfliA-/ 7 rlffli LT J: <ffiJBS 

kfhitt : 
i£)V? 4 V 

5.10,15,20— r h 7 7 *—jv- 2W,m-#?uy-t V 

5,10,15,20— rb77x-A— 21H,SH-^7-f 

(ID 

5,10,15,20— rh^x-Zl^- 21H.23H-,-K^7-f yffl 
(ID 

5.10,15,20-Th57x-;P- 21H,23H-^7 -f yffi 
#S(II) 

5,10,15.20— fh^x-A'- 2\a,m-X)Vy4>rt 
■f-i/*7J\ (IV) 

5,10,15,20— rh^ (4-eU^) - 21H,23H-^ 
7^ 

29H.31H -y^xxl/T-V 
m (ID 7^n^T-y 
BIS (II) 7?nvT-y 

8§(II) 4. 4' . 4" . 4' ' ' -Tb7T-r-29H, 
31H -7^ny7-y 

[oo2iji©ffiA.y7r®<7)^-t, jEtmmtm 

tZ. ^.y^mfb-Aiaa, 77X7CVDS 

«3C0K5J±. fflS. 3-lOOnm. #£L<filO 
~5 0nmTj>S. 

[ 0 0 2 2 ] IE?Lf6Si*Ji4 <7)±izttmM 5 m.l? hil 
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m2fr^&xztifzmiiMmzm&ixw&2tit:TE 

Twrmaott* < . miz%%.&Lzmi hyyrt^ 
&*m»tfmgm&mwzmi uz< \,^t^rcs>t 

[oo23] *»»tfi^Ttt. mma. mmrnx- 
io (r/mtw^ed^A oo~5oon m<?>m&iz$>&3m 
mrsyit&foz** htrntu-c. ttmmxiiim 
mm&z&f&m&tmkw 5 5 o~6 5 0 nm<o 

8B£&S3bl£fe3l£ , ±Si*X httmiztt LXO. 1 
~1 0M%#*$-£.&£i:fc:J: 0. «3»*<OSfel£3fe 
£*Tlgi:-*-£ i(7)ii:S:04t^-CI 

E&gmmm ( j i s z 8 7 0 1 ) 
af^3t«H+cowc*t-afe^ ( x = y = 1 /3 ) $• 

^fc-TI»««T^b^*. 4 0 0-5 0 0nmta 

mtt&itt&w&bAhttwma*. 04 -cm 

#5 5 0~6 5 0 nmWK-ty^JB^fcfei&^fBfc 
3\ K-rfeSi: LX b^h^m^^biti t . JjU 
iz. LT cjito t>Ot H-rfeSt L 

me>ti. Y-v>ymMfizw&b*zm--?h a& 

30 5&M^^*^$*IS. efigL ef ' SlfcOV^TtH 
[0024] *HBHt*>Vvcli. ±£<0^ff^g|^i-W 

tLxm^hmfrtt&zixx^hifi. mmmmm 

tnmzmf&frit:') (Jpn. J. Appl. Ph 
ys. . 3 2&, L9 17M, 1 993*f0 . mM<?> 

^WO^tO (Jpn. J. Appl. Phy 
40 s. , 3 5^, 481 9H, 19 96^) t>tt«>fc:, 

Jtftt. jERMiWBM *ytt#Ty>"ril>£ 0 0.1 
e vjajyhS wf *y\Vt7-yisv>Vtt-tZ>Wt!G3T 

miT$y*m^&ztimmx'hhztz%ftLtz. 
zff>m^mmizx*). m^mcommtzmhrn. 
m.*Hh*bz>ztt. mmftxcom&tzxh^i' 
h ymmx-vmi&mitthz ttfmtzms&ti 

50 h. 
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[0025] *micoimmffmm=F£mz>%dm 
mmit-m o csv vcawir s y m 
t&^tf?x&&m. (Tg> ztt&zktmiL 

fBE«fc^^^SffirS^{)«TEHl^ ( I > 

xtt ( ii ) Tmhztiz>%miT$>fc&foii>t>mt£ti io 

[0026] 

[fl:8] 

N— X— n' (I) 

A! 2 V 

[00 27] ffaUHft^ ( I ) fctJWC. Jf£b<tt. 

*u>m. y^yvvym. vi-ym, r?vis> 
1-6 <rmv*i)vm ; t'^i/g^DT;^-;^ ; y h 

~6<9T/lodf l/iifrit— )Vm ; ^ b^f^S. xb^y 

a^)^fci~6«r;i'3^>'*; 7xy^yi, < 

; J4V7a\Z JUT S.sm&iSTJWl'TSSm*: 30 

si-, mmsmttxtt. mtmLKit. tnv 

[00 28] Ar' 5r^UH fcL #*L<I2. 
t'7x-*«, *7f**, T^M^U*. 7it 

>hVMt, tri^ypg. tu^n, mitv/i^ 

LTttAoyyffF ; xf-zPS^tD 
0SgSl~6cO7/M7l/S; \i-)V3m<7)T)V*r-)V 
m ; ^ h*^***:^!*. xh#3/;**tf:^l<X*e> 40 
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[0030] tofe-sbs ( ii ) t&^x. Ytigmwi? 
x^pg. ryhU/i^ yx.+yhVA' 

W-)V&. ^) S J)V&. MvV)V 

is*i)vx-)v&^ x b df ^/^-fumnomwi 1 ~ 
^o^ai~6<Dr^3^>-a; 7xy^f>-«. 

[0031] *JHBfctJWCtt, miH8& < I ) Xtt 
HKsUII) tSrr^flBttCfcO. Tg£8 5*C£Lt 

&<tL%\,^itf 1 &mi:^i&ztmtfcx'$>*). jetl 
8 5x:y±(r)i$iSTX'h+ftizwm&zbtfiiim. 

iti. 4*y^Ty^fri>X3\Mm<r>Ztii.*) 

0. 1 eVlZl±>h2 t&X-Z. &tz. 400— 

5 0 0 nm^^Stffitffi^^-rS^yf* 5 ^ 
ffEHSS ( I ) SiXf (II) -C^bStL^^S 

mTsyfc&tmm u^mimi^bms^ 

tiK Ztit>lzmfcZti&t>c0X'ii.%\.\ 
[0032] 
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[0 0 3 7] ztit><r>fc&to\t. mxm^x%>i^ 
3fm±T s >te&bz htmt tx . mmt k- 40 

CfcftSm3tfifc^*«*>'5 5 0-6 5 0 nmtf>&fflfc*> 

1-y?*ym& (&gPr4-33 5 0 87^&*8) . 
^U5F>«»*(»BB¥4-320485^«) . 

(^§8^5-222362-^^) . DCMfe* (8B*50 



*IS6 3-2 64 6 9 2-^&f8) . 

*(^fffi¥9-881 72^fflB8W) . 7iy^t/ 

DCJM(Chem. Funct. Dyes, P 
roc. Int. Symp. , 2nd 1992^, 5 
3 6M) , /i^VF^/K^^yuy^imW 
feitS. ±E<0^3tfe^SrWfe*Xh?r«fc:0. 1-1 
0a«%<0i8SffiHfc:fcv^TH-7^-S^i:T. *Xh 

[0 038] 3fi0rf5>'>l£8&fcK>£» 
Sft^S:|6|±?^SJtrtt:. 400~500n mfc«3tffi 
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mtvxit. mm. misymcomszmzmm 

(«H¥5-198 3 7 7^a) , ^vjyi^fr. 
*7*>HM 5 (ftgSHM - 3 2 0 4 8 

SititPffiUv ±E4 0 0~5 0 0nm«0^3tfe^ 

[0039] .t&g-K-^y h&mM't'lzV-yZti 

K-rSfiT «>1ftMrV\ flitf, jEfLHBSJii: 
OJHfiifim^fcK-rUsO. iifc. IE?U&iiJI#® 

±fc«»-rS^fct:J:0®j£$)h.5. fit. M^Pft^ 

Jg. 5~3 0 0nm. »*L<{ilO~l OOnnfCJ) 

[0040] %3Kfl 5<0±fcJiiBfLfflihS63&^ftA>il 

«{cEi^ts^sriajk-rs(ftfifc. B»*»y*xs*ifc 
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fctf>fc. H3flltf>>f * Wt^T^ S'-r DO. 2 e V 

*i&£2:*>6. ]E?LBLihHiEfLfc«^^ll3tlrttffl 
t£*>T, »Jia»*l<lh3**WIB*^r*-*. 

* <III>T*b&h.*ateBtt ; HWk 
[0041] 



[flsio] 
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[0042] (aWi % R» %^LR 6 fcL «-*3<ll4L 
AD^'yiif. r;^kS» 77^^ 
t;^-;ps. ru*s. isrsm. r$ys. r 

XliGaKf^L, L^Tfc^HKsS (Hla) . 
(Hlb) X« (IIIc) <0V^-m*^S:*b^-) 
[0043] 
[ftl 1 J 



Af 9 



-o-c-aH 1 (Hlb) -o-^-at' 0 (lllc) 

Ar" 



[0044] ZtiSi, GeXttSnOVvfft. 

•C. LTV vc*,*^ ^#&&<bk*2 

R 2 R' 




[0 04 6] (5frK R 1 Sr^LR 6 #>*J&4L 

a x t/h^ps. t'J/i^ i'Tva. rs/s. r 

)\>3*i'^T>l'*lVX)Vfc-)V&. a-JsuTA'*)V-kW OT^it* (IV) X^Ztlh 1 , 2. 4-M>7V- 



•^mT(0HR^ (IV) TffcbSi-L&Zfc&miStt. 
[0045] 
[<tl2] 



(IV) 



R 6 R 6 J2 

LTVvct>i^#B3gg§SS£:?|*>U MliAlJS^ 
XJiGaJf^Sr^T) 
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[0047] 

N-N 

-V- (V) 

I 

[0 048] WTcoHfc* (V) -C^?itSxf-U;Hk 

[0049] 
[fcl4] 

Ar* 3 at 15 

/ C=CH-A/' a -CH=C / (VI) 
Ar 1 * V 8 

[0050] (afrK A rizji. #*a&g£ff LTV^ 

lt. fx (2-^^-8-^yjy7h) (7iy 

7h) T;P5-»>A. b'X ( 2-^^-8-Jfy"jy 
7h (*frh-?l/Y7h) TH'S-^A. b'X (2- 
*^iV-8-*JVJyV) {Xf—nsVyV) TtV 
fx (2-xi-ti'-8-*J0Syh) 

9-*UV9M T^S-^A. t*X (2-^^-8 

5-^A. b'X {2-*1-lV-8-*J VSyh) 
?-7i-^7i/7M 7^5 -?A X t'X (2-* 

7^i— 8-*y iiy^M (^7-71-^7177 

M TA'S-'T'A, b'X (2-^^-8-4f/yy5 
M (2, 3-y7f;P7iy7h) T^S-^A, h* 
X (2-^^-8-^yU/7h) (2, 
;P7xy7M T/US-^A. b'X (2-^^-8- 
^SVSyh) (3, 4-^^7177^7^5 
^>7A. b'X (2-*7^-8-*/'J/7h) (3, 

5- y^f/l'7x>'7h) T^-^A. b'X (2-X 
+>V-S-*;»JyY) (3. 5-v-tert-y 
fiP7i/7h) Trt'S-^A. t'X (2-*f-/l—8 

SrJVJyV) (2, 6-y'7i-^7iy7H 7 
^$->7A. b'X (2-^^-8-^y'jy7h) 
(2, 4, 6-M)7x-;P7iy7h) T^S-^ 
A. b'X (2-^f-;W-8-df-yj/7h) (2, 4, 

6- hU^f-^7xy5h) r;P5-«7A. b'x (2- 

X+)V-8-*JVJyY) (2, 3. 6 -MM** 
7i77h) T/US-^A. b'X (2-^f-;P-8-^f 
SVSyh) (2. 3, 5, 6-f h^^Wi/^ 

V) t^S-^a. b'x (2->^-;i'-8-^ryyy7 

M ( 1— t7h7h) T^5-->A. b'X (2-*?- 
;W-8-^y>J/7h) (2— ^-7h7h) T^S->7 
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a, b'x (2-^f-;i—8-^yyy7h) (MJ7x 

-)Vi^yJyY) T/PS-^A. b'X (2-^771^-8 

=S7J±. b'x (2-*f-;i—8-*yyy7H (MJ 

X (4. 4, -h'7i-;H y575h) 77P$-«7 
A. b'X (2, 4- : JA1-)V-8-*J*);7Y) (* 
/H — 7i-/l/7iy7b) T^5->7A, b'X (2. 

4-^^-;k-8-dfyyy7h) (^7-71^7 

x/7H T^S-^A. b'X (2, 4-y*f7t—8 
10 -*SVS7h) (jX^-7x-^7x/7h) T;P5 
->7A X b'X (2. 4-SW^-8-*yy/7H 
(3, 5-5ttf*7x/?M TVUS-*.*. b'X 
(2, 4- : JX+)V-8-*JV J7Y) (3. 5-i/' 
-tert-7'fyl'7xy7M T/US-^A. b'X 
(2-X1-)V-4-3i+)V-8-*JVJ : 7Y) (t*y 
-tUYyh) T/t-S-^A.. b'X (2-^^-4- 
^h^rv-8-dfyi;y7h) (^7-7x^7xy 
5h) T^S-^A. b'X (2-^^-5-^/- 
8-^y'J/7h) (*)Uh—?l>>*/yh) 7^5-'7 
20 A, b'X ( 2 -^^l— 6 - Ml 7)V*xi* ^-)V- 8 - 

*yyy7M (2— 7-7h7h) r;kS->>A. b'x 

(2-X1~)V-8-*SV/7Y) (y^yyh)^v 
<7A S b'X (2->f/k-8-^/'J77h) (:*/H- 

-?wy9M xtu^a, b'x (2-*f-*-8-*y 

yy^h) (^7-7i-^7x/7h) tf'J^A. b' 
X(2-X+)V-8-*JVJyY) (l-t7h7 
M#y7A. b'X (2-^^-8-^y'jy7h) 
(2-t7b7h)#'J'>A > b'x U-^T^-S- 
^yjy^H (b'j7x-^7y7h) tf'J^A. 
30 b'X (2-*7 t -rt'-8-*/y/7h) (MJX(4, 
4-b'7x^) y5y7h) tfVVJ>.WWm?L>tl 

s. ^ft»*L<«. b'x (2-^f-;«/-8-^yuy 

7b) (2-t7h7h) T^S-^A. b'X (2-^ 
+)V-8-*JVJyY) (M»7x-;U>-7y7h) 

r* s -v&vmf^tih . 

[0051] i?E-jib* ( iv) x'&bztLhzmmik 

flcOMflt^tbT. b'X (2 7^-8-^7 M 
T^5-»7A-^-5j-^y-b'X- (2-X+)V-8- 
*yVS7h) TA-S-^A, b'X (2. 
40 -8-*SVSyh) T^S-^A-xx-^y-b'X 

- (2. 4-^f-;P-8-4fy'jy7h) t^S-^ 
A % b'x (4-xf-;l/-2-^f-;P-8-^y'jy7 
M T;P5-»7A-xi-^y-b'x- u-xf-zp- 
2-^r-^-8-^yyy7h) t^s-^a. b'x 
(2-ytf-^-4-^ h*v*yyy7M rtu$-v 

A-//-^4fV-b'X- (2-^^-4-^h^r^ 

yyy7h) tvps-^a. b'x ( 5-^ry-2-y 

T)V-8-*JVJy\-) T^S-^A-^-^y- 

b'x- (5->-ry-2-^f-;i/-8-^y'jy7h) 

50 r^S-»7A. b'X (5-?DO-2-^fA~8-^f 
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JVJvY) T^S-^A-jLt-Jt^rV-h'X- ( 5- 

b** (2-X+)\,-5-Y*)7)V'*UX1-)V-S- 
*SVSyb) T/PS-^-xx-^V-h'X- (2 

5 - h u 8 y / 7 

M T^S-^A^iW&ftS. !Hft:#*L<Ji. b' 
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* - v - b'x- ( 2 8 -^y y y 7 h ) r 
n^^Aaw t>tih. mammx (v) mb$*i 
si, 2, 4-h»T % /-*m*&(t<ki>-mti+h 

[0052] 

[fl:i5] 





[0 0 5 3] iwEHRiS (VI) T^b$nSXf-y;Mfc 

[0054] 40 
Hkl6] 
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20 



[00 5 5] jE?LffljlJf6<D]gJPte. 31$. 0. 3~1 
OOnm. MKIiO. 5~30nmT&6. IBLffi 

8eof3izm : mmm7zmf&zbmit>ti&. 

vmtf&tiz . wmmmn. 40 

A$n^«^ < maw h z t tfxz hfc&tox- 

3bhZktf£mX'hh. 

[ 0 0 5 6 ] ^OJ: 3 &kft£ffi1Zttt®t UH±. 8 
- 1 F *«¥ 7 'J y«DT^ 5 
(£fgS§IS59-l 94 39 3^&?g) . 10-tKodf 

Ch)*7!J>'<9&Slg#(!ftli§ s r6-3 2 2 50 
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3 6 2^18) . **WTY-/mg& (^§8^2- 
2 16 7 9 1^8) . y^f'J^b'7i^l^«! 
(*SIS§¥3 - 2 3 1 9 7 O^tkm) . ya-« 
(«m i 9-87 61 6^&m) . 3Xtt5-tKn* 
S'^tfy&R^fls (App 1 . Phys. Let 
t. , 71g, 3 338H, 1997^) . KyX** 
W->\s$iWM& (#BFF6 - 3 3 6 5 8 6^&?fi) . 

o/fry-^gm mm* 9 - 279134^ 
£&) . Mix^yx^r $^yj;i^<.>-b> (*n^iF 

$5. 64 5, 94 8^BJBBS) . *73MfU >Q&k 
(*fgfPr6-207169^&?8) . 7x^yhD'jy 
^^(^^¥5-3314 59^^) . 2-t-y 
f-^-9, 10-N. N' -yyr/ryh^^yyy 

>f$y (Phys. Stat. Sol. (a), 142 
4 8 91T, 19 94*10. n9*SfldNMtftftS' 

h. n : mmm7c?>®m±. s^. 5-200™. # 

*L«il0~10 0nmT*&. 

[0057] i&gstt. mFmrnmiizmnmA-tz 

SW^m^-r. l§ffi8i:LTffli^itS»fltt. niEB 
fii2K:fiyH?fLS«fi2rlB^5^fc*fsrigT&&* J . % 

IX. XX. V^S^A. 'fy^A. #^>>A. 

[0058] ate. mm t fkmxiimmmmn&m 

fc L i F . L i 2 omtDTfU* »J ^fl^^T/P* U 
dJI^n^Wb^cOfi^ElS ( 0 . 1 ~ 5 n m ) frff A 

-t&ztn. n=i^mmi:^±.^hms^-)imx'hh 

(Appl. Phys. Lett. . 70&, 152 
I, 1997^; IEEE Trans. Electr 
on. Devices, 44^, 1245H. 1997 
^;«®¥9-86 6 6 2^HH«l») . Rlffi8<0J8Jl£Ji 

mzmttiBtox-. zn±tz&z. mmmm<± 
fMzsa Lxn%Zi±mm*wm?h z. t im'f^m. 
*m. znmotiMz. n. t^s-^a. «. - 

[0059] 01 umaxm. HP*>. ws±izm 

68. s^i*a7. mms. jEfiMm4. mm2 
(omizmi-^ztiy-simxh*). mau^^s- 

< b h-1jij^mco^ZJBc<omi<n^iz^mco^ 

mmzmm : ?zmz>zbi>-fijmTt>&. pat. m 
2mm3\^LKm&m®fot\m<mmzmm? 
hzb^mx-bh. *mimmm%-m.m?tz±ti 
(f. wwk, %%mzmifi:£}&3mmt> 
*u mm.<rmm^t Lx^mx-bufwx^ . 
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/Uft&fr-Sbit&ZttzX *)y My 
[0060] 

mm i 

tiyxmB&T±\->Tmwm. mc&m. 4v 
rwvT^-tvximwm. m^mmx-m*. u 

T. 3mftOn£m i 2X 1 0-«To r rJETTCfr&i 
li. 2 0 0-2 6 0X:O$mTM®Uz. mbm>W£* 

m- 6 



(17) *3Fim 1-3 29 7 34 

32 

*£{±1. 8xl0" 6 Torr (#2. 3xl0 4 Pa) 

t. mmmsLo . 3 nm/^xmms 2 nmco-mx-m 
mm m) mvmm.m'Htvmw (ac-ds 

ffl^TfflSLJti:^^. 5. 06eVc7)fi£^L*:. £ 
<9jM!£*tg:7yT 3 5 0 nm) XW&LX 

®%.uz%m.mm*.i±4 6 5 nmt, w&comrc 
b->tz. ±*z. mit&tocDtomffltz^x. 

-Wf-HMD SC-2 OlzX O^lga^ffai^L^tC 
^Tgli9 3"Ci:iS^ffi£SL*:. H«fcLT. flStfW 

[006 1 ] 
[^6] 



10 





[eV] 


[nm] 


Tg [t] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 


88 


1-10 


5.00 


450 


146. 


I-27 


5.09 


470 


142 


1-28 


5.05 


480 


120 



[0062] ##012 

mmmffumt lxm. vmtt&h ( 1 - 3 ) t« 

OTfcSjcf4, 4' -h'X CN- (1-ty^ 
)V) -N-7i-/l-r5y] h'7x^ (H-l) 5:^ 
*gfc 

[0063] 

[fcl7] 



(H-1) 



30 [0065] 
:flU8] 





;aj— o- 



J 2 




(HB-1) 



40 



[0064] Ltzmzmm 1 1 

tztZ\b. 5. 2 5eV<9ffi£^U:. 

mmmrtmt ix. watte* ( i - 3 ) tfu 

(HJ^x^H^y^H 7^$-">Am (HB- 

1 ) zmmmt Ltzmtmm t nati-cmme* 



50 



[0066] z\<mmm(M ^y^y-y^^m 

JELfclBIL 5. 51eV?i>itz. 

( 1 to > mfmmmt: 1 2 0 n mtmttz %><r> ( ^ 
*m%coy *hv v?yy itmtm&xv+yr&m 

WC 2mmiS<7)X h yA 7\iZJ*9--y?LXl9>%*ft 

Mzxm^mmnmximm. mmyn-x-rnkz 



(18) 



33 

(elfcgU:. ±S££W0mmmm;X>Ttz£ Off 

gSrt«OK2&^*2X10- 6 Torr (#2. 
7 X 1 0-« P a ) MT£%h£Tmmmhy yTZffi 

ioo67] mMmmtLx. 4. 4' -t'X 

CN- (1— -N-7i-^7$y] t'7x 
—)V ( H — 1 ) 5:-b7 5 >y ^WStAil. *tWi?)EHtf> 

tmvmii. 2 7 5~2 8 0W®HT$lfflLfc. ^ 
*B5tf>K£g{Jl. lXlO" 6 Torr (ftl. 5X1 
0-«Pa)T. ^«3ES0. 3nm/#-CJSW6 0nm 
<0iEFlf&S*S4£*#fc. ifcfc. ISMM 5£\ «jjMfr&* 

( I - 1 0 ) £*A httflfc LT. TEfcffijt^^Srt 
(D - 1 ) £ LT. HtcH^ 
^#atJ;9. _hffiEFL^2l«4«0±fc^*^ffot. 

[0068] 

[£19] 



(D-1) 



1-3 2 9734 

34 




[0069] Zffi®<r)ffikfc&fo ( I - 1 0 ) (50t|fl&fi 

ga±3 2 o~3 3 orco^ffl-e. ^TVycWB&gte 

2 0 0*C-eiH»LJt„ ag*$«D*£g«l. 1X1 o-s 

Torr (|f|l. 5X10"*Pa)T. 

ffi&gO. 2nm/1>K\ &W13 0 nrntJofc. £ 

*v?$mimzv-7i%\,y8mtL. m*>i 5n 

m^JSTI^T'ky^Xhttfitr^LTO. 4ft» 
%fc&6J:d£L;fc. »vc. jEJLffijJJf 6?)tmi: L 
b'X (2-^f-^-8-^y'jy7h) (MJ7x 
-;l/y7/7h) T/PS-^fgf* (HB-1) £r_tf2 

ossa i8o~i9 o*c^a®r»iffl ws. msm> 

MOmtS. 0xl0-'Torr 1 X 1 0" 4 P 

a) X\ mm&O. 5nm/^t, iili2 0Dmt 
Jgfc. « J ?«ij*fl7<0ffflfcLTOT3*-rT 
;PS~>7A<08-t Ka^-^yyyS* (E-l ) $• 

±mmM±m6 <o±tzm£ ixmrnzn ->k. 

[0070] 
[£2 0] 




(E-1) 



[0071] Z(?>&f0)tm<7>i&Blli3 0 0-3 1 O^SO 

KHx-siffliLJt. mmm<oM^&ii8. ox 1 o-'To 

10 rr lX10-«Pa)T» Jl9BttO. 3nm 

S®X\ KJfli2 5nm-C*->^. ±IE0)IE?L«i*«4 

mit:. 

[0072] ZZX\ WmmM7£T<7mm$:ff'?t: 

T, li^*J?]<^X7fcLT2mmi|gi9Xh7>f7tf 
y^H-VX^J^ l©g2<0ITOXh74Tfc«B3S 

mLx^mmtmmizLxm.^(OM^mf s 2x 1 o-« 

20 Torr(»2. 7X 1 O^Pa) JJlTt^^m 
L/C. Piffi8fcLT. 5fr3\ y^Ht^?***}*. (Mg 

f 2 > ttv-frytf-hzm^x. mm&o. 04 

nm/^, 0X10" 6 Torr (*!j6. 7X 

10"«Pa)t\ 0. SnmcOjgJPT^fS&ji^tOi 

-hfciD»LT. 3g*»S?0. 5nm/».IM 
1. 2xl0" 5 Torr (#1- 6 X 1 0 3 P a ) Tjg 
W4 0nmWT^S-'7AS^}B^Lfc. Mfc. *<0± 

(c. it®co«mtt^«>s^fttffls-. Hatty 

30 ytf-hfcJBtvCJn&LT. j?£*j£gO. 4nra/& > 
^£gl. 2X10" 6 Torr (»1. 6X10" 3 P 
a ) xm* 0 nmC0m*m!S.LXm&8i:%iS.1Ht 

fc. ja±wHsaiiffi8c^i»offlsfiSJiafflt:« 

[0073] JiLttf)«fc:LT. 2mmX2mm«t^X 

£OS^SBattt£ji- 7 (SSI". #|-7fciiVvC. 
36ft»gli2 5 0mA/cm2 «omSKgg-e<Dtt. 16* 
2&3Mi 10 0c d/m* -C^HB. 
40 «£&g*H3tf>fI£ £ . SEtt 10 0c d/m* Xomk 
^ifct. C I Ef&gSgfi ( J I S Z8701)£ 
iiirttXTfit. ELX^M^SSfcjjtt. IBfcfefi 

[0074] 
[«7] 



35 



(19) 
7 



1 1-329734 



36 





yfr «Lr W 


@250mA/bn 2 


[/m/W] 
©lOOcd/m 2 




«E 

[V] 
@100 cd/m 2 


CIEfeJfSS 






[cd/A] 


X 


V 




(1-10) 


9955 
Pit on 


2.88 

I. DO 


7.3 


8 

Q 

y 


0.358 
0.317 


0.408 
0.346 


SIKH 3 


(1-3) 


3970 


0.62 


2.6 


13 


0.267 


0.287 




(1-10) 


3820 


0.81 


2.6 


10 


0.176 


0.195 




(1-27) 


6890 


1.69 


4.3 


8 


0.202 


0.301 




(1-3) 


6420 


1.34 


3.8 


9 


0-220 


0.359 




(1-27) 


6590 


1.51 


2.4 - 


5 


0.412 


0.514 




(1-3) 


2330 


0.26 


1.0 


12 


0.336 


0.402 


JUM&3 


(HB-1) 


1290 


0.38 


1.5 


13 


0.345 


0.354 



[OO7 51HJ60I2 

mm<n*x vttmt LxmM&ftn ( i - 2 7 ) 
7-ymmi* ( d - 2 ) t LtftiiHtefl 1 1 mm 

[0076] 
[fc2 1] 



(D-2) 




* > Ytt*vy7->mm# ( d - 3 ) t LfcffiuiniHH 

lfcR«CLT3JH^tf*Lfc. 

[0078] 

[fll2 2] 



30 



[0077] tzixmttimuz. m : f*m&m.i 
mmnxxhtmt Lxm^tes® < 1 - 3 ) 1 




(D-3) 



[0079] m=fv>m?m.z2k- 7t^-r„ 

[0080] 
[^8] 



37 



(20) 

m 8 



^¥1 1-329734 
38 



«JE [V] 




CIEfeJf&S 


X 


V 


8 


109. 


0.363 


0.412 


10 


720 


0.358 


0.408 


14 


9955 


0.345 


0.393 



[0081] ##014 

mmttmmfc&to ( i - 1 o > . d-27)& 
if a —3) tm\ mmtzv-7i%\mmim 
i tmm^txm^fmvtz. ^tihvm^mdm 

[OO82]iH£0H 

mt LTfflv^r;i'5-'>Ac7)8-b Ko^f^y y > 
mm 2 

mmmmzmrr. mMtmtmfctt&to < 1 - 

3) tLX. *£>I8JiS-6 0nmfcU K-TftSfcL 
TT^yVf-^-^f^xy (D-3) 

[0083] mm3 

Itm^XXhttfttLXw&ik&to (HB-1 ) ^ 
m\K ^0U>tOY^^>'r> (D-2) 
Arl. 0. 0. 4MXK-7U jEJLI&ifcJlSri&lt? 

LT4 5 nmO (E - 1 ) S-fflV^ffiJiH 

[0084] 



b*) *?jk?»*5-&j3ie?. ^Uii»at® 

[02 1 GmnmxmwMnmiKLKWzmm 

0. 

[03] ^tSS^fB^^SflW^SL^^iW 
0. 

[04 ] M£«feO«fcg:£^LfcC I Efe££gi0. 
[05] £jttH 1 ^W&«#^#i^?>?BfcX'^ 

[07] litem ~3fcfflVtf:*Xh»tf Y-7&mi>> 
t,<rmt<r>c i Efejg^sa. 

[flr^^ilBH] 

i 

2 
3 
4 
5 
6 
7 
8 



Htt/<<y7rJ| 



maim 



(21) 



flgJPFl 1-3 29734 



[01] 1021 






(22) 

m7) 



EUPFl 1 



-329734 




